In this Letter we introduce "twisted" particle chain structures with strong polarization sensitive propagation and radiation properties. The structures are comprised of linear arrays of
subwavelength metallic particles that are rotated sequentially about the chain axis (Fig. 1) . Such structures have several unique properties. Like all periodic nanoparticle chains [6] [7] [8] [9] [10] , twisted chains support traveling waves that are mediated by strong interparticle interaction facilitated by plasmonic resonances. Introducing a sequential rotation to each nanoparticle, however, couples the otherwise independent transverse wave modes, resulting in modes with distinct polarization behavior. As a result, these structures (i) share certain polarization properties with chiral gratings,
(ii) posses diffraction properties of general periodic gratings, (iii) have transverse dimensions of subwavelength size, and (iv) achieve high anisotropy and polarization sensitivity due to the particle resonances. These properties can have important applications to nano-scale optical devices. The presented analysis is also important to understand properties of general waveguiding and radiating structures.
We consider an infinite periodic chain of nonspherical resonant nanoparticles that are sequentially rotated about the chain axis by a constant angle 0  (Fig. 1) . The chain lies on the z axis and has spacing d . The particles have polarizability tensor α whose transverse principal values xx  and yy  are not equal. Twisted arrays similar to those in Fig. 1 can be fabricated for example using a force mediating polymer to bend silicon nanowires, which can be coated with metal [-] . In the arrangement of Fig. 1 the longitudinal traveling wave modes are independent and are not affected by the sequential rotation. We therefore restrict analysis to the transverse traveling wave modes and consider only the transverse field components.
A complete analysis of the radiation and propagation properties of modal fields supported by the structure in Fig. 1 can be performed using the discrete dipole approach with the dyadic periodic Green's function of the twisted array. In this approach, the chain elements are assumed to be small compared to the free-space wavelength  . To find the source-free modal fields all external source fields are set to zero. The dipole moment of the particle in the zeroth unit cell of the chain is therefore given by 0 0   p α E , where 0 E is the electric field generated by all the rest 
Here, the rotated dyadic Green's function is found via the elements of the matrices
, where G is the dyadic periodic Green's function of an infinite array of parallel dipoles with the observation point taken to be the origin, and the source contribution of the particle located there removed so as to avoid self-interaction. It is given by free-space wavenumber. This lattice sum is slowly convergent but can be rapidly computed using certain spectral techniques, e.g. as in [11] . The self-consistency equation (1) can be solved for the (generally complex valued) modal wavenumber  and the corresponding ratio 0 0
The resulting modal fields have the same translation and rotation symmetry as the particle polarization statesError! Reference source not found., though the symmetries are continuous, not discrete. The modal electric field may be expressed in two alternative forms: and correspond to source-free modal fields.
The modal fields can exhibit several types of behavior, resulting from the presence of the twist and the discrete periodicity, including stopbands of two types, propagation without radiation loss, and radiation of two types. Stop-bands form for certain chain geometries and frequency ranges when two distinct modes with counter propagating energy couple strongly. One way this can occur is through coupling of one of the four traveling wave modes mentioned above to a higher diffraction order of another one. For example, a stopband may form through coupling of first order diffraction modes when Re{ } 2
The strong mode coupling results from the interplay between the effects of the twisting with 
In conclusion, we have analyzed the traveling wave modes of a linear chain of sequentially rotated nanoparticles. We have shown that two modes are found propagating in each direction and that for sufficiently small spacings, one of these modes is a slow wave bound to the chain while the other is a fast wave that radiates. Furthermore, the structure's dispersion relations exhibit stopbands of two kinds: those associated with coupled diffraction modes and those resulting from oppositely propagating zero-order modes. These structures may have applications as subwavelength polarization sensitive optical filters and antennas.
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